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(Abstract]  Purpose/Significance Achieving automatic generation of medical imaging reports is important for reducing the workload of
radiologists and promoting the standardization of clinical workflow. Method/Process Focusing on finding the chest report generation mod-
els with open source code in recent years, the paper develops an automatic medical image report generation method based on the CDGPT2
model. Result/Conclusion The advantages of the model in report generation are still to be explored, the quality of reports generated after

modifications to the decoder inputs of the model is not high. Future research could improve the performance of the model by using large

datasets and incorporating more clinical information.

( Keywords ) chest radiograph; multimodal; automatic report generation; attention mechanism; natural language processing
BEE N TR RERY PR A e, BT EIR S UFM 2
1 5|8 SR ZEeHE. BHar, DAKRE S AR E

AT T 2R B R 2 RO AR AR A A I DT i, XA

BEAABRPR IS W E KIS, WEERR NIRRT - D BRI Ry R

R 2 2 O PR A S e ELH AR 3 A 1
R AT B PR AR T BT 1 AR ffer o AR,

(f£EHHA) 2023 -09 -12
(MEE®MN) B, WHUedA; WEEE. M, M
+, E#HEz.

K HTEH LML (recurrent neural network, RNN)
K % W2 42 W 4% (long short — term memory,
LSTM) , 2017 4E Transformer £ A g3 H H /R £ B
SRIE AL BT 55 rh R0, 77 22 LA H O Al 1) 1
IR S A A ARy, PR Transformer 574 J¢
HAMAZ WA RNN, LSTM., H Hif B 27 AR 4l
.33 .



ESEENATS 2024 45 B 5

JOURNAL OF MEDICAL INFORMATICS 2024,Vol.45,No. 1

A LRI Y i % E T RS B R E S AR,
ARSI IS TEGE — G b2 25 E T, A0S 1 7 4 A
SRR LA BAR R B SR B A BUAR X EE AN [R] 33
YN ZRit 5 B RAE N A 435 A 0T TP RE o

2 MAXIIE

LSRR AG AR 1 8 B0 A AR T R
SR il 1R 4508 11 4 Bk 22 P 4% — I 36 1 22 I 2%
( convolutional neural network — recurrent neural net-
work, CNN-RNN) 24, {HAEL A R 4. =
JEi %t RNN R s /b 47k, 10 Krause J 252 fi
&R LSTM (— Mg, — D Riag) 1
2% RNN, 18 B 7 O A B Tk, ARz
RS S EU T E ., N T 4R A R A
B, EERS LG I T R SR AT 5
i, Wang X 50 8 — A SCR BRI AR (Ti-
eNet) , M 2 )2 1 &2 77 155 Rl A s 2 3 79 CNN -
RNN AESE iR fh O Ak 3 22 445 SCAR R Al
MR B RN, 1T KM E . Jing B
SR H [ I X B A N SRR AE (£

TERIALH], Horh il SCRRE S T 1 5 52 A8 1 B A
ZEARR], AT LUE SRR AR AR RO AL E, T L
SR 8 A A 0 R v B 2 O T A R A B
TE Transformer L RIHE $iE 14 5, Transformer Kz H AR {4
A2 0 TR AT 45 e, A Chen 7 %
HALTE Transformer fY A A% & 51 A SC RICICHIH,
ol R AR A A 4 J £ 5L 14 [ B -t 220 i 52 15 A
T SRR AL, SR THAE R B AR A B B . W
X ZE O B LT A o ) 2 RS R, s gt
Fil S PRS0 R AR AT SCRFIE A= UM BB 4l i 1) “ER4L”
MCRBT . A LRI SR A SRR,
SET ARG A BRUR s A > T L R
RTINSk

3 A&
3.1 MERIRE BEhE MR

3.1.1 AJFRRAHARER  DUL 3 FEMMEH
Transformer B HAR ATy i 5 8RN i 0k 2 4,
3] 4 AT CH AR A SRR, HLER 1,

F1 RFRKBE AR & &R

RS mFE] (4F) PLBERHL =R FEAIMELL FUEIIE S
R2Gen'®! 2020 VGG/ResNet Transformer JEfif} | 8] A ZiCAZHLH PyTorch IU - XRay & MIMIC - CXR
RATCHET! 0! 2021 DenseNet — 121 Transformer ) ffA5 255845 TensorFlow MIMIC - CXR
cpGpr 201 2021 CheXnet distilGPT 2 TensorFlow IU - XRay
XRG!? 2021 DenseNet — 121 Transformer A% 543 PyTorch IU - XRay & MIMIC - CXR

3.1.2 mrp#Alses  bikd MR s
17, i BIRRE, s k#E CDGPT 2
PERIPEATIESE, EEREA TP, —=RE&RI
A FR KNGS RS BORAS, S2 T s
IR AERE, e A X/ B B 4 TU - XRay
(7 470 5K Jig % 52 18) i A MIMIC - CXR %4 4k
(371 920 SRMGHEREAR) BEATUNZR B, [R] s (s
THERXT M. — % CDGPT 2 LR [ i A 58 7
KA E B distlGPT 2, B4 . (U251
W, RHIHES — SRR A A T, TR
I ZRE SR (GPT 2), RIX AN RIS 54
©34 .

TUAEA o A 8T T PR BE
3.1.3 ZBRAFEMESGRASKEE AXTY
LR RACECE SO, WK 2; BISR, WK 3.

®2 ZIWRAERE

e BIRA B R
@t GPU NVIDIA GeForce RTX 3090
CPU AMD EPYC 7302 (8 %)

L7 gLs UREE 2SI HEZR TensorFlow 2. 5. 0
LIF R HEE (IDE)

mEES

PyCharm 2021. 3. 1

Python 3. 8




ESEESATS 2024 45 S5 1

JOURNAL OF MEDICAL INFORMATICS 2024,Vol. 45 ,No. 1

®3 HBESHIRE

SRR SRR
Vocabulary_ Size 1 001
Num_ Epochs 100
Optimizer Adam
Learning_ Rate 1x10~*

PRBEAFAE

FRIE
47x1 024

3.2 CDGPT 2 &8

3.2.1 A  CDCPT 2 RIS H AL HE 3 ¥
O PUBERAE . TR SCRIE R RS AR, W 1.

HI A 22 ) 2%

EREF=WALIN

HEA
105x400

B 1 CDGPT 2 #&#!

MBEFFAETR Sy, g A — i g 52 4 ok R 5 A
RUAS AN LSRR AE AN 105 AR U0 43 50, AR
SR LA 5 Bk AT BA 4R i) CheXNet 5271 g 3
fiti . CheXNet AT 14 Fifi i UL PR 0 B Ao 124 7 A0
LoEfn, (HIX 14 Fibr A 2 LSt 42 5 Z R i
SCRFAIE, PRI FEREAT 00 o 38 5 W B e i — )2 4
LRGN — 2B AL 5 105 A1 S I 2%, (i
AEMEHM Y 1U - XRay Bdla 48 W W1 105 b TR
TERRAE AT 7340, PR A8 B ST B0 T 0 A
0% 1 Z[d],

L ==Y

t=1 i=

Yi, * IOgj’z[ + (1 _yit) + log(1 _5’it)

(1)

2R TN AR S — T A8 SR A 2K eR AR

ZhRA R, Hop, y ARESAREE, yARM

Rk AE, L (b) USRS b Ntk (batch) #Y

PR, T ARREREE, N AR KD
(batch size)

W OSCRFIE TR 3, AR 48 ik A KI8T — 4> B I 2k
Word2Vec Embedding[m , WIS KRB Y E
IAPINGAFE] . HREP RIR 2 T —A ), W%
PRI (embeddding) 5 5% 4% 1) %) 1 A 34

TRAFIEER AR B A%, BIVBCE (R #5105 4>
B2 ) TR0 0 505 R 2 i AAEIR TR F AR, 15 2 A
PR A— AR/ A 105 x 400 %R
fEhgR il oy, fARRSas L distlGPT 2 58U LA

TERATY S A S B EE R L] AT T — 22,
H SRR AR, —iE SRR R A Z AF
A, {HFE CDGPT 2 #AY i, B5hn 17w
ANESMEETA o3 3 TR SCRFE X RIS AL Y
HYGR AR LR AR D7 0 A4 T80, hF
ft A AR R m, Z Ry B EE L (condi-
tioned self attention, CSA) 1 E AT, i) m]
i Q ARKRAAL, BiEmE K FE R Vb T
T SCRAEFIALSE FRAE 15 B

XUN\NTXU,

YHK] I: YH,

ZW, zw,

L, Wy Wi W, 2l RERIRHR A Z 1 A if)
[ Sk, B [ RE 0] S AN, R, Ug. Uy 4%
SIACFTE SCRFAE X A ) 2t FOEL ) 5 (O ALEE, H
Hy 4y BIRFANGEREAE Y ) 5 1 2 A0 [v) 2 () AR
softmax AT BREL

CSA (X,Y,2) = softmax (ZW()) (2)

- 35 .



ESEENATS 2024 45 B 5

JOURNAL OF MEDICAL INFORMATICS 2024,Vol.45,No. 1

3.2.2 ##iEzZMHA  distlGPT 2 A & GPT 2
BEAY 4 AT, R s J2 GPT 2 485 AU d5 /N 1) i
A, FNH, WFE 4, disilGPT 2 [ GPT 2 /)
45% , R BERMAE, (B disulGPT 2 FE R fE — 4k
JriE e b A o AR g, PR AR A A
CDGPT 2 R SE Atk b, A BiF— % [ disulGPT
2 1 GPT 2 T A= iUy TR ASCR SeI hid J

F 4 distiGPT 2 5 GPT 2 33t

BERIZ R 234 FUZZERE ZHE (L)
distilGPT 2 6 768 8.2
GPT 2 48 1 600 15

3.2.3 PBuEmER N {t CDGPT 2 fifl, i
SCRFIE X AL RRAE Y et A BB R G ittty
PHEALIRN, (HRIXFEA T B4 HoA 2R B 1)1 5 A
R, —FPfE RS AT W R R A A B )2 Z
WE SCRAE X FIRLSERAAE Y PHETERIRA Z b, X
FERAN DO I HA T F AL A R N R . X
M3 fE R BEELFR A Concat_CDGPT 2,
Concat_CDGPT 2 F BRI AR SS9 4 T, &
P AL REHE FTTE SCRFAE R AL BN, PRl fife ) 2 1Y
WA, ATEHABTEENERX X, Y5 Z i)
—HEHTE —, R =F T PHE, 53 20,
IR F 1 )7 (concat self attention, Concat-
SA) WS I
ConcatSA (Z7) =softmax CC(Z° W, (Z* WODCZ W)
(3)
Hr, Wy Wi, W, 43 5RER Z° 145 i) ) 5
) AL o) A AL

4 KWHERSH
4.1 HEESTMIER

RS TU - XRay K8 46 06 5 U R 4791 25 e
ik 1U - XRay Bogf 4 2 — >0 1 19 i 3 2 45 5
P4k, AU 7 470 5K IE mAN IR R, LRk
LY 3 995 By die iy fERAMRSEH, BEHLBEE 500
SRBESARAE AL, R T I g

- 36 -

FEXHHE SCA I EM %R AR S PR S
PREZA 4 B, 438 BLEU - N'™' | ROUGE!™ |
METEOR'") | CIDEr"™ | W35, sxebdstn T
B NSOR 5B IOR Z N, —E R ]
DA e A B SCAS B T PRI . AR R
LT

®k5 HAREBESHEMERISE
RbRAFR RS FiR
BLEU GRS e P SERI TS
SORTHE TR W
METEOR  HLZEBHE  ZiA% RUER s A 5, 25 Rw SR
CIDEr EG AR SRR ot T ARG, SCEE AR

ROUGE

4.2 HEBERSH

CDGPT 2 F/xffi A distilGPT 2 YE MiG 5 R,
CDGPT 2 (GPT2) Fnflifil GPT 2 {4 1K H R,
Concat_CDGPT 2 &¥F CDGPT 2 H:aili | %) g v %% 11
AT TR
4.2.1 FHhigEaH (1) CDGPT 2 5 CDGPT 2
(GPT2) P 4EbRsr#r. CDGPT 2 (GPT 2) #y4y
BT CDGPT 2, Horp BLEU R 548 R0 %) 22
BN, X UEWITE n — gram BT 1 CDG-
PT2 (GPT2) AR A A& CDGPT 2, 7£ CIDEr
febrh, “HEWAFTE—E M, XEWRE CDGPT 2
Az AR A P G SR A B D T ) S IBUSCR BE A
W6, ZEE AV R AT A, CDGPT 2 R
T CDGPT 2 (GPT 2) , {H &% JEEIEB AL Frrh fff
FHE TU - XRay £ 4 (7 470 5K J Jr) AHXTEDN,
AIREfE distlGPT 2 jX R i g if 5 A G e, i
GPT 2 (IZHIIL distilGPT 2 224415 Pifes, Z8)2%0%
R M 2, X EWE T 2 E Z kI 2k,
WA MIMIC - CXR 4 (371 920 skfifv ), A
AFREIABLE GPT 2 BRI fi#H, (2) CDGPT 2 5
Concat_ CDGPT 2 {4 #5845 43 4. Concat_ CDGPT 2 #&
TAA5 6 br 70 RO T CDGPT 2 f67 H 22 BEEUR,
JuH: CIDEr $8FRH) 22 MR, X Ui ITEREA B TR
JEFREE SCRAE . A DEARAE S Tl A A T PR L B
AAET, W6, Wi AEE NIRRT RN



ESEENATS 2024 45 B 5

JOURNAL OF MEDICAL INFORMATICS 2024,Vol. 45 ,No. 1

A3, Concat_CDGPT 2 BRI E:A BA T Fifh
FH . i Q &/ T, 15 CDGPT 2
W, A Q A RHEA Z 5 R
W, FIFA 5], {E7E Concal_ CDGPT 2 1, TEid A
Z S PRI T SURHE X RIS AE ¥ 195 2
R 2SI R R A TR, RS

Bz T2 AE CDGPT 2 BRI, i SURFAIE
X BUSERHIE Y AR A Z 29445 BB ) i % (E
o), T BHER RS 1 KRV, {BAE Con-
cat_CDGPT 2 70, §t ) it K FIMELI0] & V A9 TH5E
fi Al , IR Z R0 AR /D, DT AT RE X A58 75 ) 2
R

F6 B[RETMIERSHIIEL

TBETR BLEU -1 BLEU -2 BLEU -3 BLEU -4 METEOR ROUGE CIDEr
CDGPT 2 0.388 0.247 0. 170 0.121 0.167 0. 304 0.327
CDGPT2 (GPT2) 0.351 0.214 0.143 0. 098 0. 156 0.290 0.253
Concat_ CDGPT 2 0. 186 0. 105 0. 064 0. 037 0. 108 0. 191 0. 060

4.2.2 ARBESN HF, XHEER R A LAY
PN B RE IR IE, A RITE S PR R AR R E—E
RERE F WA AR A JBCEE o RIS 2% A 5 iy A
R AT R AT, R SR B 52 15 ) LS4 i A
PR, WL 2, Hohali R SO R
AT LARIN 2 64 S5 O B9 B SR s B A LAY
W, W ESORFR LA TN A BRI AR AR 5
et B S 0 A5 B . ESER s R R e A S
ZRIESEPE A ZE B, CDGPT 2 A= s i 41 o viE A 3t

CDGPT 2
TR

R ) Tz AR I B S i R AR . I
CDGPT 2 (GPT 2) ‘E s 5 o B9k 48 L A 25
s, RSO EAR S, T IR WA I
SETEAL RN SN PR R A, (R B A
WA X 0 {5 B . AU Concat_CDGPT 2 4= Ji§,
RS AWEE “BREW ., OBER/NERT i
A, TR R X AR DB B iR, 5 CIDEr 4§
BRI BRI R, 5 FLH B BE

B2 HEETURSE

BERT R 0 B S AR, BT SC AR R
RN TF AR A RERL , FEXT 224> R R AT 1)
st E % CDGPT 2 BERIEAT AT SE, () 1U
— Xray BHEHEM 7 470 5 g R QBT AT I 2k
B sZBRTBdlade R/ADAITHR TR, GPT 2 X
MRSHCE (1542) ARERITER S A= 0T T A3
AT F351, BRI 00 A L RER 2

WO A AR R AR . ARARFFE A] 2t —
B REARER, S EZIHRER, W5
s 5 T D RE AR ZS B R SR THE IR RE

FlsamMA: MTAEE S FARGEAEY R,

S 3Lk

1 My, IVKE, 25/, BETIREEINESZ B
s BRI RR [T, KIDFERESE, 2023, 36
(5): 21 -24.

- 37 .



S g A gt
EFERERT

2024 FEAS BE1H

JOURNAL OF MEDICAL INFORMATICS 2024,Vol.45,No. 1

2 KRAUSE J, JOHNSON J, KRISHNA R, et al. A hierarchi- Computing and Computer Assisted Intervention, 2021.

cal approach for generating descriptive image paragraphs 11 ALFARGHALY O, KHALED R, ELKORANY A, et al.

[C]. Honolulu: 30th IEEE Conference on Computer Vision Automated radiology report generation using conditioned

and Pattern Recognition, 2017. transformers [ J]. Informatics in medicine unlocked, 2021
3 WANG X, PENG Y, LU L, et al. TieNet: text — image embed- (24) . 100557.

ding network for common thorax disease classification and re- 12 NGUYEN H, NIE D, BADAMDOR]J T, et al. Automated

porting in chest X —Rays [C]. Salt Lake City; IEEE Confer- generation of accurate & fluent medical X - Ray reports

ence on Computer Vision and Pattern Recognition, 2018. [ C]. Punta Cana: Conference on Empirical Methods in Nat-
4 JING B, XIE P, XING E. On the automatic generation of med- ural Language Processing, 2021.

ical imaging reports [ C]. Melbourne; 56th Annual Meeting of 13 RAJPURKAR P, IRVIN J, ZHU K, et al. CheXNet: radi-

the Association for Computational Linguistics, 2018. ologist — level pneumonia detection on chest X — Rays with
5 CHEN Z, SONG Y, CHANG T H, et al. Generating radiol- deep learning [ EB/OL]. [2023 —09 —12]. https; //arx-

ogy reports via memory — driven transformer [ C]. Online: iv. org/abs/1711. 05225.

Conference on Empirical Methods in Natural Language Pro- 14 MCDONALD R, BROKOS G I, ANDROUTSOPOULOS I

cessing, 2020. Deep relevance ranking using enhanced document — query
6 WU X, LIJ, WANG J, et al. Multimodal contrastive learn- interactions [ EB/OL]. [2023 =09 — 12]. https; //arx-

ing for radiology report generation [J]. Journal of ambient iv. org/abs/1809. 01682.

intelligence and humanized computing, 2022, 14 (8): 15 PAPINENI K, ROUKOS S, WARD T, et al. BLEU: a

11185 —11194. method for automatic evaluation of machine translation [ C].
7 HOU D, ZHAO Z, LIU Y, et al. Automatic report genera- Philadelphia: 40th Annual Meeting of the Association for

tion for chest X — Ray images via adversarial reinforcement Computational Linguistics, 2002.

learning [J]. IEEE access, 2021 (9): 21236 —21250. 16 LIN CY. Rouge: a package for automatic evaluation of summa-
8 ZHANG Y, WANG X, XU Z, et al. When radiology report gen- ries [CJ. Barcelona: Text Summarization Branches Out, 2004.

eration meets knowledge graph [C]. New York: 32nd Innovative 17 BANERJEE S, LAVIE A. METEOR: an automatic metric

Applications of Artificial Intelligence Conference, 2020. for MT evaluation with improved correlation with human
9 WANG X, ZHANG Y, GUO Z, et al. TMRGM: a template judgments [ C]. Ann Arbor; ACL Workshop on Intrinsic

— based multi — attention model for X — Ray imaging report and Extrinsic Evaluation Measures for Machine Translation

generation [ J]. Journal of artificial intelligence for medical and/or Summarization, 2005.

sciences, 2021, 2 (1-2). 21 -32. 18 VEDANTAM R, ZITNICK C L, PARIKH D. Cider: con-

10 HOU B, KAISSIS G, SUMMERS R, et al. RATCHET: med- sensus — based image description evaluation [ C]. Boston:
ical transformer for chest X — Ray diagnosis and reporting IEEE Conference on Computer Vision and Pattern Recogni-
[C]. Online; International Conference on Medical Image tion, 2015.

(455 32 1)

12 JURT, EH, £, % . 2T ALBERT - TextCNN DL AeRLEOR S, 2019.
IR RIT SCA P KT 06 (1], IWARRE S (B 15 BEE, 2F =, 230UH . NCT SR N T BB
SRR, 2022, 57 (4): 21 -29. PRI RFHE ARG W 505 [T]. B aR,

13 ZHANG X, ZHANG Y, ZHANG Q, et al. Extracting com- 2022, 8 (28): 189 —193.
prehensive clinical information for breast cancer using deep 16 KA, $HBE. FTF Reason LAY BT 28 A B ZF14- 1)
learning methods [ EB/OL]. [2023 =09 —27]. hitp: // HIMEZEWR [T]. EYER RS IERPFSE, 2018,
dx. doi. org/10. 1016/]. ijmedinf. 2019. 103985. 15 (3): 77 -80.

14 BH. BESUVP RN AR [D]. K

.38 -



